Introduction
Cerebral amyloid angiopathy (CAA), also known as congophilic amyloid angiopathy, is a progressive degenerative disease in which protein β-amyloid is deposited in the leptomeningeal and brain cortical small-and middle-sized arteries, veins and capillary walls. Cerebral amyloid angiopathy is the second cause of brain haemorrhage after atherosclerosis. It can also cause ischemic strokes, transient ischemic attacks, leukoencephalopathy, brain tumour (amyloidoma) and inflammatory vasculitis (Aβ-related angiitis). Cerebral amyloid angiopathy coexists with Alzheimer's disease (AD), dementia with Lewy bodies, Down syndrome and many other dementia-inducing disorders [1] [2] [3] [4] 7, 13, 17, 18, 21, 22] . In cerebral amyloid angiopathy, intracerebral haemorrhages (ICH) are superficial, multiple and occur in older people mostly with no history of hypertension [7, 16] . The incidence of spontaneous cerebral amyloid angiopathy becomes more common with the increasing age; from 2.3% to 22% at the age of 65 and from 70% to 100% over the age of 80 years with a prevalence in AD (78-100%) [12] . The pre valence of CAA in intracerebral haemorrhages ranged from 2.0% to 23% [12] ; 30-40 cases of CAA per 100,000 population have been recorded annually [7] .
Cerebral veins are rarely involved in β-amyloid [25] . There are no publications concerning the involvement of veins in CAA in ICH. The aim of the study was to assess the incidence and grade of CAA in the veins of patients who died due to spontaneous ICH.
Material and methods
All patients were hospitalized in the 2 nd Department of Neurology, Institute of Psychiatry and Neurology, Warsaw, Poland. The study group consisted of patients who died due to spontaneous intracerebral haemorrhages in 1993-2012. The final diagnosis was made during an autopsy following histological and immunohistological examinations according to the Boston criteria [15] .
Patients with suspected ICH were admitted to our hospital. They were hospitalized in the Stroke Unit. Over 20 years 189 patients died due to intracerebral haemorrhage of whom 42 were postmortem diagnosed with CAA. CAA was confirmed during a neuropathological examination. In 33 cases, veins were affected by CAA. Patients with brain aneurysm, arteriovenous malformation, brain tumour, venous thrombosis, haemophilias, past head injury, as well as those on anticoagulants and thrombolytic therapy were excluded.
The autopsy was performed according to the standard protocol. The brain was fixed in 4% paraformaldehyde in 0.1 M phosphorane-buffer saline and em bedded in paraffin. Then, it was sliced coronally. The spe cimens were stained with H&E, PAS, Congo red and immunohistochemically with the two antibodies: anti Aβ 8-17 (DAKO, 1 : 50) and actin (SMA, DAKO, 1 : 50).
Under the microscopic evaluation the brain was considered positive for CAA when it showed at least one leptomeningeal or cortical congophilic vessel with yellow-green birefringence under polarized light and/or β-amyloid deposits were seen within the wall of the vessels. The severity of CAA was classified according to the Vonsattel scale ( Fig. 1 ): 1) mild -deposits of β-amyloid are restricted to a congophilic rim around normal or atrophic smooth muscle fibers (which might be absent), leaving an optically empty tiny vacuole-like zone surrounded by amyloid, in media of otherwise normal vessels, 2) moderate -media is replaced by β-amyloid and thicker than normal, with no evidence of remote or recent blood leakage, 3) severe -there are extensive β-amyloid deposits with focal wall fragmentation and at least one focus of perivascular leakage evidenced by the presence of erythrocytes or hemosiderin or both [24] . The estimated proportion of β-amyloid involvement in each vessel was recorded according to the Mountjoy scale (Fig. 2) . A score of 0 indicated the absence of amyloid; a score of 1 -involvement of up to onequarter of the vessel circumference; a score of 2 -involvement of up to one-half of the vessel circumference; a score of 3 -involvement of up to three-quarters of the vessel circumference; and a score of 4 indicated total involvement of the vessel [19] .
Results
The results of the study focused on the clinical and neuropathological findings in cerebral amyloid angiopathy in patients who died due to spontaneous intracerebral haemorrhages are presented.
Deposits of β-amyloid CAA were observed in all kinds of cerebral vessels, arteries (cortical and meningeal), capillaries and veins. The neuropathological features localized in veins are presented in Table I .
In the group of 189 patients with ICH, we found 42 patients with CAA. In the CAA group, we revealed 33 (78%) patients with β-amyloid deposits in veins, which made 17% of the total group of patients who died due to ICH. In this group, there were 27 women and 6 men; their age ranged from 54 to 97 (mean age 80.18 ± 8.15 years).
The grade of CAA according to the Vonsattel scale is presented in Table II . The following grades were identified: severe CAA in 15 (45%) patients, moderate in 13 (40%) and mild CAA in 5 (15%) patients. According to the Mountjoy scale, we found score 4 in 28 (85%) patients, score 3 in 3 (9%), score 2 in 1 (3%) and score 1 in 1 (3%) patient (Table III) .
We found one patient with Down syndrome and ICH who had veins involved with severe CAA and one patient suffering from dementia with Lewy bodies and ICH who had veins involved with moderate CAA.
Discussion
To our best knowledge, there are no reports on the veins involvement in CAA or ICH. Therefore, we tried to find out how often the brain veins are deposited by β-amyloid.
Neuropathological examination is still a "gold standard" for CAA diagnosis. Using the Boston criteria for β-amyloid deposits in veins in patients with cerebral amyloid angiopathy and intracerebral haemorrhage CAA diagnosis and having CT and/or MRI scans the neurologist may select those of the patients whom he or she most suspects of having CAA [6, 8, 9, 11, 14, 15, 20, 23] . Also positron emission tomography (PET) scans can be used in the diagnosis of β-amyloid deposition in the brain [5] .
A definite diagnosis of CAA can be made through a postmortem examination or obtained via intracranial biopsy, while on the basis of clinical data, and CT or MRI scans of the brain, CAA can be only suspected [7, 10, 15, 19, 24] .
There is a lot of diagnostic tools which can be used in the diagnosis of CAA during intracerebral haemorrhage, but only neuropathological examination can confirm the presence of this disease and reveal CAA stages, as well as the kinds of vessels involved in this process. It can allow to classify the grades and scores of CAA and its localization [7, 10, 15, 19, 24] .
There are only a few ways to eliminate β-amyloid from the brain. Imbalance between β-amyloid production and clearance is generally considered a key element in the formation of amyloid deposits. The amphiphilic β-amyloid deposits in veins in patients with cerebral amyloid angiopathy and intracerebral haemorrhage N Nu um mb be er r/ /I In ni it ti ia al ls s A Ag ge e S Se ex x C CA AA A s se ev ve er ri it ty y a ac cc co or rd di in ng g C CA AA A s se ev ve er ri it ty y a ac cc co or rd di in ng g t to o t th he e V Vo on ns sa at tt te el l s sc ca al le e t to o t th he e M Mo ou un nt tj jo oy y s sc ca al le e relevant to the transport of β-amyloid complexed with other molecules: low-density-lipoprotein receptor related protein-1 (LRP-1) mediated transcytosis of β-amyloid-ApoE complexes contributing to rapid CNS clearance, whereas megalin mediates the cellular uptake and transport of β-amyloid-ApoJ. Neprilysin, endothelinamyloid-converting enzyme, insulin-degrading enzyme, beta-amyloid-converting enzyme 1, plasmin and matrix metalloproteases are among major enzymes known to participate in brain β-amyloid catabolic pathways. Reduced levels and/or activity of β-amyloid degrading enzymes favour β-amyloid accumulation causing increased levels of β-amyloid deposits. β-amyloid can be also eliminated from the brain by the perivascular drainage. There is no evidence that all these receptors are located in all kinds of cerebral vessels [3] . Brain veins localized in the grey and white matter have a relatively large lumen and thin walls that lack smooth muscle cells. This characteristic distinguishes veins from arteries. The leptomeningeal cells around veins do not form a complete sheath and there is a perivascular space around veins containing a few collagen fibers. Postcapillary venules are the site for the receptor-mediated entry of inflammatory cells into the brain [25] .
According to Weller et al. (2009) , veins do not appear to be involved in CAA, although deposits of β-amyloid are found attached to the walls of veins [25] .
In our microscopic findings, we found veins in volved in 33 (78 %) patients. According to both Vonsattel and Mountjoy scales, severe and moderate changes were dominating in our group of patients. Based on our results we may assume that veins may play a more important role in β-amyloid elimination from the brain than we previously thought.
Conclusions
We found β-amyloid deposited in veins in 78% of pa tients with CAA and ICH. Veins are not so rarely involved in β-amyloid in intracerebral haemorrhage. Cerebral amyloid angiopathy was localized in brain veins more often than we previously suspected. Veins may play an important role in the elimination of β-amyloid and not only as a perivascular drainage. 
